INTRODUCTION
Recent years have seen an increasing application of recombinant DNA technology to different prokaryotic groups. In the case of cyanobacteria, gene cloning is now possible in the unicellular species Anacystis nidulans R2 [1] [2] [3] [4] and vectors have also been constructed for Agmenellum quadruplicatum PR-6 [5, 6] . While these developments in unicellular cyanobacteria are encouraging and important, it is mostly the filamentous cyanobacteria which exhibit cellular differentiation, chromatic adaptation and aerobic nitrogen fixation [7] , thereby making them particularly attractive candidates for developing gene transfer. Filamentous cyanobacteria do possess plasmids [8] but because they remain cryptic, functions must be elucidated for, or added to, these replicons before they can be used as cloning vectors in these organisms. Here we report the physical maps of three plasmids from filamentous cyanobacteria and the addition of selectable markers to two of these plasmids by fusing them to the vector pBR328.
MATERIALS AND METHODS
Cyanobacterial strains were obtained and grown as described previously [9] . Additional Escherichia coli strains used in the present study (plasmid sizes in MDa, bracketed) were IL62 (38), IL226 (62), IL808 (86) and IL816 (112). The restriction and modification deficient recA E. coli K12 strain HB101 [10] was obtained from D. Clark and grown in Luria broth.
Isolation of plasmid DNA
Plasmid isolation from 4 1 cultures of cyanobacteria and 100 ml E. coli was based on [11] . Plasmid DNAs were separated on 5-20% sucrose gradients at 75000 x g for 16 h at 15°C. The following method was devised in order to isolate large plasmids from filamentous cyanobacteria. A 100 ml culture (A720 of at least 0.5) was harvested by centrifugation (2800 × g for 10 min at 4°C) and resuspended in 2 ml buffer (25% sucrose, 50 mM Tris, 100 mM EDTA, pH 8.0) with 5 mg/ml lysozyme also present. After 45 min incubation at 37°C, 0.3 ml of 10% SDS was added and mixed. After a further 45 min at 37°C, 4.7 ml buffer (40 mM Tris, 2 mM EDTA, pH 7.9) was added and the suspension was subjected to caesium chloride gradient centrifugation at 100 000 x g for 60 h at 15°C in the presence of ethidium bromide. The lower DNA band was collected prior to ethanol precipitation. All glassware, centrifuge tubes and relevant solutions were presterilised by autoclaving. 10 mM Tris, 7 mM MgC12, 60 mM NaC1, 7 mM 2-mercaptoethanol (pH 7.5) for FokI; 10 mM Tris, 7 mM MgCI2, 100 mM NaC1, 7 mM 2-mercaptoethanol (pH 7.5) for MluI. In the case of double digests, enzymes were added sequentially with appropriate adjustment of the buffer for the second enzyme where necessary. Incubations were terminated by the addition of 10 #1 of 4 M urea, 50% sucrose, 50 mM EDTA, 0.1% bromophenol blue (pH 7.0) prior to electrophoretic analysis. Gels were run, stained and photographed as described previously [9] .
Restriction endonucleases and incubation conditions

Transformation of E. coli
The procedure was based on [12] while the transforming DNA was previously ligated after restriction as described in [13] , except that the incubation was for 60 h. Plates for E. coli were 1% bactoagar/Luria broth supplemented with 10 #g/ml of chloramphenicol, 50 /~g/ml ampicillin or 15 ~g/ml of tetracycline where appropriate.
RESULTS
Plasmid complement and stability in filamentous cyanobacteria
We have developed a simple procedure for the routine isolation of larger plasmids from cyanobacteria, using 100 ml culture (see section 3.1). It is based on [11] but omits several steps in the procedure, including the salt precipitation which may selectively remove larger plasmids with chromosomal DNA. It disclosed the presence of a plasmid of 40 MDa in Nostoc PCC6705, Nostoc sp. MAC PCC8009 and Gloeotrichia sp., but no additional extrachromosomal elements in Anabaena variabilis PCC7118 or Plectonema PCC 6306 to those noted previously using rapid procedures [9] .
In order to examine plasmid stability and/or function in A. variabilis PCC7118, this organism was grown for 4 weeks in the presence and absence of the maximum sodium dodecyl sulphate concentration (20 #g/ml) which did not inhibit growth. At the end of this period, both cultures were analyzed in terms of their extrachromosomal DNA by alkaline extraction [9] but both still contained the 3.6 and 14 MDa plasmids. When 50 cultures were grown from single colonies on plates after the 4 week growth period or even from single cells prepared [14] after the growth period, all still showed the presence of both plasmid DNAs. The stability of these plasmids, although technically inconvenient, may be advantageous in that DNA might be introduced into the organism on these plasmids with the expectation that it will persist in culture.
Transformation studies using heterologous vectors
In preliminary experiments, we were unable to transform vectors prepared for the unicellular cyanobacterium A. nidulans R2 [1, 2] into A. variabilis PCC7118 using different transformation procedures [2, 12] and antibiotic selection, nor could the vector pBR328 [13] be introduced into the organism. Thus, it will be necessary to generate a suitable vector using an indigenous plasmid of A. oariabilis PCC7118, for which purpose a physical map of one of these replicons is necessary.
Physical maps of three plasmids from filamentous cyanobacteria
Using standard mapping procedures (single, double and partial digests), we have generated physical maps of plasmids from A. variabilis PCC 7118 (3.6 MDa, here designated pGL1), Nostoc PCC6705 (2.6 MDa, designated pGL2) and Plectonema PCC6306 (0.95 MDa, designated pGL3) (Fig. 1) by A260). The yield was not increased by permitting further growth of the culture prior to harvesting in the case of pGL1 or pGL2, whereas the, yield of pGL3 from P. boryanum PCC6306 continued to increase with further growth of the culture. Moreover, as growth progressed, the yield of the smaller plasmid pGL3 relative to the 12 MDa plasmid [9] increased, such that in excess of 95% of plasmid recovered from cultures nearing stationary phase was pGL3.
Construction and characterization of recombinant plasmids
pGL2 and pGL3 were cloned using the unique ' ClaI sites which both they (Fig. 1 ) and pBR328 --pB~328 [13] possess. The recombinant plasmids obtained after transformation into E. coli (Fig. 2) showed the expected masses given the sizes of the intact cyanobacterial plasmids (2.6 and 0.95 MDa) and of pBR328 (3.3 MDa). The E. coli strains carrying these recombinants were distinguished by virtue of their chloramphenicol-resistant, tetracycline-sensitive phenotype. The recombinant plasmid formed by fusing pBR328 and pGL2 was designated pGL4; the pBR328/pGL3 hybrid was designated pGL5. Three colonies possessing each recombinant showed the same orientation of insert and the same single sites for restriction enzymes. The mapping of the recombinant pGL4 was facilitated by the occurrence of single sites for HpaI and XbaI within the insert pGL2 (Fig. 1) while no sites for either enzyme are found on pBR328 (not shown). The recombinant pGL4 was cleaved once by AvaI to a linear molecule of 5.9 MDa (Fig. 3A, lane 3) while ClaI digestion of pGL4 produced a fragment of identical mobility to ClaI-linearised pBR328, as expected (Fig. 3A , lanes 4, 5) and a second fragment of 2.6 MDa, the 229 size of pGL2 ( Fig. 1; Fig. 3A, lane 5) . The double digest PvuII/XbaI of pGL4 (Fig. 3A, lane 7) generated fragments of 4.4 and 1.5 MDa, as predicted, while the distance of the HpaI to the XbaI single site on the insert (Fig. 3A, lane 8) was 0.65 MDa, as determined previously (Fig. 1) . A problem encountered with pGL4 was the formation of in vivo deletion derivatives (faintly visible in Figs.  2, 3A) . However, pGL4 persisted in the culture even after prolonged growth. Mapping of its deletants indicated loss of the ClaI site at 0.7 MDa on the physical map of pGL4 (Fig. 4) .
The recombinant pGL5 has single sites for 9 restriction enzymes (Fig. 5) , illustrated in the case of HindIII and BamHI by Fig. 3B, lanes 2 and 7, respectively. ClaI digestion of pGL5 produced two fragments (Fig. 3B, lane 4) , the larger of which showed the same mobility as C/al-digested pBR328 (Fig. 3B, lane 3) , while the smaller was 0.95 MDa, the size of pGL3 (Fig. 1) . The single HpaI site possessed by pGL3 (Fig. 1 ) proved useful in determining the orientation of the insert by, for example, double digestion of pGL5 using AvaI and HpaI (Fig. 3B , lane 5) which produced two fragments of 3.1 and 1.1 MDa, or using EcoRI and HpaI (Fig. 3B, lane 6 ) which produced two fragments of 2.7 and 1.5 MDa.
DISCUSSION
With regard to the prospect of establishing a gene cloning system in filamentous cyanobacteria, the contribution of the present work has been to study, characterize and manipulate selected plasraids from these microorganisms. The reintroduction of the hybrid vectors possessing selectable markers (Figs. 4, 5 ) into a suitable strain will establish the basic requirements for a gene cloning system in filamentous cyanobacteria. Desirable features of a filamentous strain for genetic work include little or no endonuclease activity and good plating characteristics [15] . Transformation experiments using pGL4 and pGL5 with Nostoc PCC73102 are in progress, since this strain fulfils both requirements.
